Malignant pheochromocytoma (PCC) is a rare condition. Although the liver is the second most frequent site of metastasis in malignant PCC, no definite treatments have been established. Herein, we report a case of liver metastasis of PCC that was successfully treated by transcatheter arterial chemoembolization (TACE). A 69-year-old man was admitted to the Department of Gastroenterology for evaluation of an incidental hepatic mass in August 2013. He had undergone right adrenalectomy in May 2005 and PCC had been confirmed on the basis of histopathological findings. Liver biopsy was performed, and metastatic PCC was diagnosed. The lesion appeared inoperable because of invasion of the portal vein and metastases in the lymph nodes along the hepatoduodenal ligament. Thus, TACE was performed instead. After TACE, symptoms including dizziness and cold sweating improved, and the patient's serum catecholamine levels decreased. On the basis of this case, we believe that TACE may be a useful treatment for liver metastasis in malignant PCC.
INTRODUCTION
Pheochromocytoma (PCC) is a rare catecholamine-producing neuroendocrine tumor originating from the chromaffin cells of the adrenal medulla [1] . Even if a PCC is initially diagnosed as benign on the basis of histopathological findings, it is possible for metastasis to occur in other organs after resection [2] . Malignant PCC accounts for approximately 10% to 15% of all cases of PCC [3] . The standard treatments for malignant PCC include surgical resection, radiotherapy, local ablation, chemotherapy, radionuclide therapy (e.g., metaiodobenzylguanidine
[MIBG]) and molecular targeted therapy. Although surgical resection constitutes the best treatment option, inoperable cases are much more common than operable cases. However, there is currently no consensus on the optimal treatment strategy for inoperable metastatic PCC. Accordingly, some patients are overtreated, while others are undertreated. Despite the liver being the second most frequent site of distant metastasis [3] , reported cases of liver metastasis in PCC are relatively rare [2] . Additional case reviews and long-term studies are necessary to reach a consensus on the most appropriate treatment strategy for these lesions. Herein, we report a case of inoperable liver
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CASE REPORT
A 69-year-old man was admitted to the Department of Gastroenterology for evaluation of an incidental hepatic mass in August 2013. In 2005, he had been admitted to the Department of Endocrinology because of cold sweating, facial flushing, and uncontrolled blood pressure. A ~7 cm right adrenal mass had been observed on computed tomography (CT) and there had been no distant metastasis on an MIBG scan. The patient had undergone laparoscopic right adrenalectomy due to PCC. After surgery, he had been followed up in the outpatient clinic until 2007. During that period, there was no evidence of metastasis in abdominal CT. The patient had also been treated for hypertension and type 2 diabetes mellitus for 3 years and had a history of coronary stent insertion for non-ST-elevation myocardial infarction in March 2012. At admission to the Department of Gastroenterology, he experienced dizziness, diaphoresis, general weakness, and poor oral intake; his blood pressure was 130/80 mm Hg and his heart rate was 78 bpm. Contrast-enhanced abdominal CT and magnetic resonance imaging (MRI) were performed. They revealed a ~10 cm hepatic mass in the right lobe of the liver that had a high signal intensity on T2-weighted images and early arterial enhancement and delayed washout on dynamic contrast-enhanced images. Also, it had a low signal intensity on the hepatobiliary phase and high cellularity on the diffusion phase (Fig. 1) . The hepatic mass was considered to be hepatocellular carcinoma rather than malignant PCC. For these reasons, liver biopsy was performed to evaluate the incidental hepatic mass. The patient was given the α-adrenergic antagonist phenoxybenzamine to prevent a hypertensive crisis before biopsy because we could not completely rule out the possibility of metastatic PCC. However, during and after the liver biopsy, his vital signs were stable. PCC was finally confirmed on the basis of morphological and immunohistochemical findings, with the specimens staining positive for chromogranin A and synaptophysin. Laboratory tests revealed the following serum metabolite levels on the day of admission: aspartate aminotransferase, 29 IU/L (normal, 10 to 40); alanine aminotransferase, 24 IU/L (normal, 6 to 40); alkaline phosphatase, 97 IU/L (normal, 40 to 129); total bilirubin, 0.42 mg/dL (normal, 0.1 to 1.2); direct bilirubin, 0.16 mg/dL (normal, 0.09 to 0.30); and γ-glutamyltranspeptidase (GGT), 150 IU/L (normal, 11 to 73). These levels, obtained by performing a liver function test, were all in the normal ranges, except for the mild elevation of GGT. Hepatitis virus markers were negative and tumor markers for hepatocellular carcinoma (α-fetoprotein and Abdominal computed tomography (A) and magnetic resonance imaging of the liver (B) at admission showed a ~10 cm mass in the right lobe of the liver that had a high signal intensity on T2-weighted images and early arterial enhancement and delayed washout on dynamic contrast-enhanced images. Also, the hepatic mass had a low signal intensity on the hepatobiliary phase and high cellularity on the diffusion phase (white arrows).
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Copyright © 2014 Korean Endocrine Society protein induced by vitamin K absence or antagonist II) were in the normal ranges. Furthermore, at admission we measured the patient's serum/urine levels of catecholamines, which were as follows: serum epinephrine, 0.078 pg/mL (normal, <50); serum norepinephrine, 1.473 pg/mL (normal, 110 to 410); serum metanephrine, 2.47 nmol/L (normal, <0.5); serum normetanephrine, 44.97 nmol/L (normal, <0.5); 24-hour urine epinephrine, 43.8 μg (normal, 0 to 20 μg/day); 24-hour urine norepinephrine, 339 μg (normal, 12.1 to 85.5 μg/day); 24-hour urine metanephrine, 35.931 mg (normal, 0.0 to 1.3 mg/day); and 24-hour urine vanillylmandelic acid, 120 mg (normal, 1.20 to 6.52 mg/day). The total urine volume collected in one day was 1,900 mL, and contained 1,171.16 mg of creatinine. The serum and 24-hour urine catecholamine levels were high. An 131 I-MIBG scan revealed increased uptake of 131 I-MIBG in the right adrenal gland bed and adjacent liver parenchyma (Fig. 2) . Surgical resection was impossible because the tumor had invaded the portal vein and the adjacent lymph nodes. Therefore, we planned radionuclide therapy. However, the isolated ward needed for that was not available for at least 6 weeks. Finally, TACE was performed for the liver metastasis. Celiac angiography showed a large mass in the right lobe of the liver. An emulsion of 10 mL of lipiodol and 50 mg of doxorubicin (an anticancer drug) was injected (Fig. 3A) . The tumor was well lipiodolized, as observed by post-TACE imaging (Fig. 3B) . Before the procedure, the patient continued to receive phenoxybenzamine. After TACE, he was transferred to the intensive care unit for 6 days for management of a hypertensive crisis and postembolization syndrome. His high blood pressure and tachycardia were strictly controlled by infusion of nitroprusside, nifedipine, and labetalol (Fig. 4) . Abdominal CT was performed 2 weeks after TACE. Although the size of the metastatic hepatic mass had not decreased, it showed lipiodol uptake (Fig. 3C) . However, follow-up abdominal CT 7 months after TACE showed that the diameter of the hepatic mass had decreased from 10 to 8.3 cm (Fig. 3D) . Although the response was that of stable disease on the basis of modified RECIST criteria, the tumor seemed to have responded to TACE because of its decreased size. The patient's symptoms at admission, including dizziness and diaphoresis, improved substantially. The serum catecholamine levels were followed up 2 months after TACE and were as follows: serum epinephrine, 0.091 pg/mL; serum norepinephrine, 0.842 pg/mL; serum metanephrine, 4.26 nmol/L; and serum normetanephrine, 22.27 nmol/L. The serum norepinephrine and normetanephrine levels had decreased significantly (Fig. 5) . The patient continues to be followed up and has shown no significant problems.
DISCUSSION
PCCs and paragangliomas (PGLs) are catecholamine-producing tumors derived from the sympathetic or parasympathetic nervous system. They have an estimated incidence of 2 to 8 per million. They are the cause of hypertension in 0.2% to 0.6% of patients and are present in 4% of adrenal incidentalomas. While most PCCs/PGLs are benign, 10% to 15% of PCCs and 20% to 50% of PGLs are reportedly malignant [4, 5] . Moreover, these tumors are likely to be underdiagnosed. According to the Mayo Clinic Autopsy study, conducted over a 50-year period, only 13 (24%) of 54 PCCs had been correctly diagnosed before death. It was also noted that 54% of the remaining 41 individuals reportedly experienced hypertension in their lifetime [6] .
The signs and symptoms of PCCs include sympathetic nervous system hyperactivity, including elevated heart rate, elevated blood pressure, palpitations, diaphoresis, and anxiety. The prognosis in malignant PCC is poor and is related to the metastatic site and the relative levels of circulating catecholamines. The 5-year survival rate is 44% to 57% [7] . The PCC of the adrenal gland scaled score (PASS score) is usually used to estimate the prognosis in PCC. Cases with a PASS score of ≥4 are classified as potentially malignant tumors [7] .
Several treatments for malignant PCCs have been reported, including surgical resection, chemotherapy, radiotherapy, www.e-enm.org 587 MIBG therapy, TACE, and molecular targeted therapy. Some studies report that surgical resection, if possible, is the most effective treatment, while other studies recommend that chemotherapy be used as the first-line therapy for rapidly progressive metastatic PCC [8, 9] . On the other hand, if progression is slower, 131 I-MIBG therapy is preferred for patients with positive results on an MIBG scan [8] . However, there is currently no established standard therapeutic strategy for this malignancy. While MIBG therapy and chemotherapy are reported relatively frequently, reports of TACE for liver metastasis in PCC are rare.
Herein, we reported a case of inoperable hepatic metastasis in PCC for which TACE was performed. Although the followup after TACE was short, it is clear that TACE was effective in our patient in terms of the improvement of symptoms and decreased levels of catecholamines. Therefore, we suggest that TACE may constitute a useful treatment option for hepatic metastases in PCC, especially for inoperable tumors.
We would like to emphasize a few points. First, a definite diagnosis of metastatic PCC is necessary before treatment. Imaging modalities such as CT, MRI, and positron emission tomography are limited in terms of distinguishing metastatic lesions from the primary malignancy, and liver biopsy should not be performed when metastatic PCC is suspected. Appropriate laboratory measurements and an MIBG scan should be performed for correct diagnosis of PCC.
Second, hypertensive crisis should be examined carefully during and after TACE. Similar to other treatments, such as surgical resection and chemotherapy, TACE may result in excretion of large amounts of catecholamines into the systemic circulation. In the present case, the patient suffered from a hypertensive crisis after the procedure. It was corrected by intravenous administration of antihypertensive agents.
Third, routine follow-up, including both endocrinologic and imaging examinations, is necessary. In the present case, the patient was diagnosed with hepatic metastasis of PCC 8 years after adrenalectomy. Similarly, Morikawa et al. [10] reported a 30-year-old woman who developed a de novo hepatic tumor 10 years after resection for PCC of the left adrenal gland. She had been followed up annually by ultrasonography and examination of her plasma catecholamine levels, and she had no symptoms or endocrinologic abnormalities. However, a hepatic mass was detected through routine abdominal ultrasonography, indicating that follow-up by endocrinologic examination alone is insufficient to detect newly developed lesions. Therefore, the use of routine diagnostic imaging, as well as measuring catecholamine levels, is important during the follow-up period.
Lastly, molecular analysis for hereditary or metastatic PCCs/ PGLs is necessary. About 25% to 30% of patients with a malignant PCC/PGL have an inherited syndrome. Genetic mutations associated with PCCs and PGLs include mutations in the rearrangement during transfection (RET), von Hippel-Lindau (VHL), neurofibromatosis type 1 (NF1), succinate dehydrogenase (SDH), transmembrane protein 127 (TMEN127), MYCassociated factor X (MAX), and hypoxia-inducible factor 2α (EPAS/HIF2A) genes [11, 12] . The correlation between genetic mutations and biochemical phenotype in PCCs/PGLs may provide an opportunity for earlier identification of malignant po- Relative estimates of pre-and post-transcatheter arterial chemoembolization (TACE) serum catecholamine levels. Marked decreases in (A) norepinephrine and (B) normetanephrine levels were observed 2 weeks after TACE. E, serum epinephrine (pg/mL); NE, norepinephrine (pg/mL); M, metanephrine (nmol/L); NM, normetanephrine (nmol/L). www.e-enm.org 589 tential and novel targeted therapy. Because of the relatively high prevalence of familial syndromes among patients who present with PCCs or PGLs, it is useful to identify germline mutations in patients without a known family history [12] . Unfortunately, we did not test for germline mutations in the present case.
In conclusion, this case report shows that TACE might be a useful treatment option for inoperable hepatic metastases in PCC. However, further evidence supporting the use of TACE is lacking. Therefore, additional case reports and long-term studies are necessary to reach a consensus on the optimal therapeutic strategy for malignant PCC.
